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A Family of Sulfonylurea Receptors
Determines the Pharmacological Properties
of ATP-Sensitive K1 Channels
Nobuya Inagaki,* Tohru Gonoi,² John P. Clement IV,³ 1988; Aguilar-Bryan et al., 1990). Molecular cloning of
the high affinity sulfonylurea receptor (SUR) has re-Chang-Zheng Wang,* Lydia Aguilar-Bryan,³
Joseph Bryan,³ and Susumu Seino* vealed that it is a member of the ATP-binding cassette
(ABC) superfamily (Aguilar-Bryan et al., 1995). We have*Division of Molecular Medicine
Center for Biomedical Science shown that the pancreatic b cell KATP channel is a
complex composed of at least two subunits, KATP-a andChiba University School of Medicine
Chuo-ku, Chiba 260 KATP-b (Inagaki et al., 1995). KATP-a is the inward rectifier
subunit BIR (Kir6.2) (Inagaki et al., 1995) and KATP-b isJapan
²Research Center for Pathogenic Fungi the SUR (Aguilar-Bryan et al., 1995). Neither subunit
alone can produce K1 channel activity. While the proper-and Microbial Toxicoses
Chiba University ties of the KATP channel reconstituted from SUR and
Kir6.2 (referred to as the SUR/Kir6.2 channel or the b cellChuo-ku, Chiba 260
Japan KATP channel) are those described for native pancreatic b
cells, SUR mRNA is absent, or expressed at only low³Departments of Cell Biology and Medicine
Baylor College of Medicine levels, in heart, skeletal muscle, and brain (Inagaki et
al., 1995), tissues that are known to have KATP channelsHouston, Texas 77030
(Noma, 1983; Spruce et al., 1985; Ashford et al., 1988).
The expression of Kir6.2 in these tissues suggested that
a different SUR might provide the KATP-b subunit in theseSummary
tissues. In addition, electrophysiological studies have
shown that the kinetic and pharmacological propertiesWe have cloned an isoform of the sulfonylurea recep-
of KATP channels, such as single channel conductance,tor (SUR), designated SUR2. Coexpression of SUR2
ATP sensitivity, and response to sulfonylureas and K1and the inward rectifier K1 channel subunit Kir6.2 in
channel openers, vary among different tissues (QuastCOS1 cells reconstitutes the properties of KATP chan-
and Cook, 1989; Ashcroft, 1988; Davies et al., 1991;nels described in cardiac and skeletal muscle. The
Terzic et al., 1995). To determine whether a family ofSUR2/Kir6.2 channel is less sensitive than the SUR/
related sulfonylurea receptors accounted for the mo-Kir6.2 channel (the pancreatic b cell KATP channel) to
lecular and functional diversity of KATP channels, weboth ATP and the sulfonylurea glibenclamide and is
screened a rat brain cDNA library and isolated cDNAsactivated by the cardiac KATP channel openers, croma-
encoding a novel sulfonylurea receptor, designatedkalim and pinacidil, but not by diazoxide. In addition,
SUR2. Coexpression of SUR2 and Kir6.2 in COS1 cellsSUR2 binds glibenclamide with lower affinity. The
reconstitutes KATP channels distinct from the b cell KATPpresent study shows that the ATP sensitivity and phar-
channel, with ATP sensitivityand pharmacological prop-macological properties of KATP channels are deter-
erties similar to those found in cardiac and skeletal mus-mined by a family of structurally related but function-
cle, indicating that the properties of KATP channels areally distinct sulfonylurea receptors.
determined by a family of sulfonylurea receptor sub-
units.Introduction
ATP-sensitiveK1 channels (KATP channels), originally dis- Results
covered in cardiac muscle, are characterized by an inhi-
bition of channel opening when the ATP concentration Isolation and Characterization
of SUR2 cDNAat the cytoplasmic cell surface is increased (Noma,
1983). KATP channels play an important role in various Three overlapping l clones encoding a protein related
to SUR were isolated by screening a rat brain cDNAcellular responses, such as secretion and muscle con-
traction, by linking the metabolic status of the cell to library with a 32P-labeled hamster SUR cDNA (Aguilar-
Bryan et al., 1995) using low stringency hybridizationits membrane potential (Ashcroft, 1988) and have been
found in various tissues, including pancreatic b cells, conditions. The composite cDNA sequence of 5300 bp
contained a single open reading frame encoding a pro-skeletal muscle, brain, and vascular and nonvascular
smooth muscle (Cook and Hales, 1984; Spruce et al., tein of 1545 amino acid residues (Mr 5 174,109) (Figure
1A) having 68% identity with SUR (Aguilar-Bryan et al.,1985; Ashford et al., 1988; Nicholas et al., 1989). Follow-
ing the discovery of KATP channels in pancreatic b cells, 1995), indicating that it is an isoform of SUR, and was
therefore designated SUR2. The hydropathy profile ofthe sulfonylureas, insulin secretagogues widely used as
oral hypoglycemic agents in the treatment of diabetes SUR2 is similar to that of SUR, suggesting that SUR2
has a similar topology, with 13 putative transmembranemellitus, were shown to inhibit the activity of KATP chan-
nels (Sturgess et al., 1985; Trube et al., 1986). Subse- regions and the amino- and carboxy-terminal regions
located extracellularly and intracellularly, respectively.quently, a high affinity receptor for sulfonylureas was
identified in membranes from brain and several b cell Comparison of the amino acid sequences of SUR2 and
SUR shows that SUR2 has two potential nucleotide-models (Kaubisch et al., 1982; Lupo and Bataille, 1987;
Bernardi et al., 1988; Gaines et al., 1988; Kramer et al., binding folds (NBFs) with Walker ªAº and ªBº consensus
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Figure 1. Comparison of the Amino Acid Sequences of Rat SUR2 and SUR
Amino acids are indicated in single-letter code. The amino acid residues of rat SUR (rSUR) different from those of rat SUR2 (rSUR2) sequences
are shown below rat SUR2. Putative transmembrane regions (TM1±TM13) are indicated. Putative NBFs are stippled. Consensus motifs of
Walker ªAº and ªBº in NBFs are boxed. Potential N-linked glycosylation sites, cAMP-dependent protein kinase phosphorylation sites, and
protein kinase C±dependent phosphorylation sites are indicated by daggers, asterisks, and number signs, respectively. Amino acids are
indicated in single-letter code.
motifs (Walker et al., 1982): one is in the intracellular 1.8 mV (n 5 5; Figure 3A), a value close to the theoretical
K1 equilibrium potential, when 2 mM Mg21 was presentregion between the ninth and tenth transmembrane
regions, and the other is in the intracellular carboxy- in the intracellular solution. The single channel conduc-
tance was calculated to be 79.3 6 1.0 pS at a membraneterminal region. There are several potential N-linked
glycosylation sites, cAMP-dependent protein kinase potential of 260 mV (n 5 26, mean 6 SEM). Channel
open and closed histograms within bursts for the SUR2/phosphorylation sites, and protein kinase C±dependent
phosphorylation sites, as indicated in Figure 1. Kir6.2 channel are similar to those for the b cell KATP
channel: to, 2.52 6 0.09 and 2.99 6 0.08 ms; tc, 0.39 6
0.02 ms and 0.40 6 0.02, for the b cell KATP channel (n 5Tissue Expression of SUR2
The tissue distribution of SUR2 is different from that of
SUR (Inagaki et al., 1995). Northern blot analysis of rat
tissues and various endocrine tissue±derived cell lines
(Figure 2) reveals that SUR2 mRNA is expressed at high
levels in heart, skeletal muscle, and ovary, at moderate
levels in brain, tongue, and pancreatic islets, at low
levels in lung, testis, and adrenal gland, and at very low
levels in stomach, colon, thyroid, and pituitary. The size
of the transcript is 7.5 kb. SUR2 mRNA is not expressed
in the other tissues or in the insulin-secreting cell lines
(MIN6, HIT-T15, and RINm5F) examined.
Single Channel Recordings of COS1 Cells
Cotransfected with SUR2 and Kir6.2
Coexpression of SUR2 and Kir6.2 in COS1 cells elicits
K1 currents with a nearly identical single channel con-
ductance but different kinetic and pharmacological Figure 2. Northern Blot Analysis of SUR2 mRNA in Various Rat Tis-
properties, compared with those of the b cell KATP chan- sues and Hormone-Secreting Cell Lines
nel (Inagaki et al., 1995). With 140 mM K1 on both sides The size of the hybridized transcript is indicated. SUR2 mRNA could
of the membrane, the current±voltage relation revealed be detected in small amounts in the stomach, colon, and thyroid
and pituitary glands with a longer exposure (12 days).a weak inward rectification with a reversal potential of
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Figure 3. Electrophysiological Recordings from COS1 Cells Coexpressing SUR2 or SUR, and Kir6.2
(A) Inwardly rectifying properties of single channel currents. Open circles, SUR/Kir6.2 channel (the b cell KATP channel) (n 5 6); closed circles,
SUR2/Kir6.2 channel (n 5 4).
(B) Comparison of the reconstitued K1 currents from SUR and Kir6.2 (SUR/Kir6.2, left) and those from SUR2 and Kir6.2 (SUR2/Kir6.2, right).
Calibration is same for both records.
(C) Representative trace of dose-dependent inhibition of SUR2/Kir6.2 channel activity by ATP. Numbers above the top bars indicate ATP
concentration (in mM).
(D) Dose-dependent effect of ATP and its analogs on SUR2/BIR channel activity. Channel activity was calculated as described previously
(Inagaki et al., 1995) and is expressed as percent of control (at 1 mM ATP). Symbols: ATP, open and closed circles, for SUR/Kir6.2 channel
and SUR2/Kir6.2 channel, respectively; ADP, closed square; AMP, triangle; AMP-PNP, inverted triangle. N 5 4±16 for each point.
(E) Effects of ATP and its analogs on the activity of the SUR2/Kir6.2 channel. Channel activity is inhibited by 1 mM K2ATP and by 1 mM
nonhydrolyzable ATP analog, AMP-PNP. ADP (1 mM) or AMP-PNP (0.1 mM) slightly inhibits channel activity.
(F) Effect of glibenclamide (0.1 and 1 mM) on SUR2/Kir6.2 channel activity.
(G) Effects of cromakalim (30 mM), diazoxide (100 mM), or pinacidil (30 mM) on SUR2/Kir6.2 channel activity.
Holding potential is 260 mV in (B) through (G). The horizontal bars indicate application periods of the agents. ATP (1 mM) was always added
in the intracellular perfusion solution unless otherwise indicated. Values are means 6 SEM. The numbers next to the traces indicate the
numbers of open channels.
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17) and the SUR2/Kir6.2 channel (n 5 34), respectively,
at a holding potential of 260 mV in the presence of 1
mM ATP. However, burst duration and interburst interval
of SUR2/Kir 6.2 channels are longer than those of b cell
KATP channels (Figure 3B). The activity of SUR2/Kir6.2
channels was inhibited by ATP in a dose-dependent
manner with a half-maximal value of 100 mM (Figures 3C
and 3D), indicating that the KATP channels reconstituted
from SUR2 and Kir6.2 are 10-fold less sensitive to ATP
than the b cell KATP channels (Inagaki et al., 1995). The
activity of SUR2/Kir6.2 channels was almost completely
inhibited by 1 mM adenyl-59-yl imidodiphosphate (AMP-
PNP), was slightly inhibited by 1 mM adenosine diphos-
phate (ADP), but was not inhibited by 1 mM adenosine
monophosphate (AMP), in the presence of 1 mM ATP
(Figure 3E). The activity of the SUR2/Kir6.2 channel was
only partially inhibited by glibenclamide at 1 mM, a con-
centration sufficient to block completely the activity of
the b cell KATP channel, and channel activity was recov-
ered after washout of the agents (Figure 3F). The potent
Figure 4. 86Rb1 Efflux from COS1 Cells Coexpressing SUR2 andopeners of cardiac KATP channels, 30 mM cromakalim
Kir6.2(Escande et al., 1988) and 30 mM pinacidil (Escande et
(A) Basal efflux from cells coexpressing SUR2 and Kir6.2 in theal., 1989; Fan et al., 1990), both reactivated the reconsti-
absence of metabolic inhibitors (open circles). Basal efflux was in-
tuted KATP channels that were inhibited by 100 mM ATP creased in the presence of metabolical inhibitors (closed circles).
(Figure 3G). In contrast, diazoxide (100 mM), a potent The increased efflux by metabolic inhibitors was partially blocked
opener of pancreatic b cell KATP channels (Trube et al., by 1 mM glibenclamide (triangles). Basal efflux from cells transfected
with pCMV vector alone in the absence (open squares) or presence1986), failed to stimulate activity (Figure 3G). The ATP-
(closed squares) of metabolic inhibitors was also shown.sensitive channels were observed only in patches of
(B) Dose-response curves of the efflux for glibenclamide in cellscotransfected COS1 cells (74 out of 146 patches, 51%).
coexpressing SUR2 and Kir6.2 (open circles) and in cells coexpress-
In contrast, no ATP-sensitive K1 currents were found in ing SUR and Kir6.2 (open squares). Half-maximal values were ap-
COS1 cells that were not transfected, were transfected proximately 8.6 nM and 350 nM, for the SUR/Kir6.2 channel and
with SUR2 alone (total 64 patches from 4 independent the SUR2/Kir6.2 channel, respectively. Dose-response curves were
obtained with glibenclamide with metabolic inhibitors. The percentexperiments), or were transfected with Kir6.2 alone (Ina-
response was estimated from the efflux values at 40 min; the endgaki et al., 1995).
points were used as 0% and 100% response, respectively.
(C and D) Cromakalim (30 mM) (C) and pinacidil (100 mM) (D) in-86Rb1 Efflux from COS1 Cells Cotransfected creased efflux (closed circles) beyond the basal level (open circles).
with SUR2 and Kir6.2 The increased efflux was blocked by 10 mM glibenclamide (tri-
86Rb1 efflux measurements confirmed the results ob- angles).
In (A) through (D), each curve is the averages of 3±5 independenttained by single channel recordings. Transfection of
experiments. In (A), (C), and (D), the data points are tightly clustered;COS1 cells with pCMV vector, with SUR2, or with Kir6.2
therefore, the symbols have been offset 6 1 or 2 min for clarity. Thealone did not increase the basal 86Rb1 efflux. Endoge-
error bars show SEM.
nous COS1 cell 86Rb1 efflux was inhibited by metabolic
poisoning, while metabolic poisoning of cotransfected
cells significantly stimulated efflux beyond basal levels,
that the EC50 for displacement of 125I-iodoglibenclamidedespite the simultaneous inhibition of the endogenous
is 1.2 mM for glibenclamide and 9.9 mM for iodogliben-COS1 cell efflux (Figure 4A). Cotransfection with SUR2
clamide (Figure 5). A more extensive analysis using Li-and Kir6.2 did not increase basal 86Rb1 efflux above that
gand (McPherson, 1985) gives comparable KDs of 0.63found in controls transfected with pCMV vector alone
mM and 3.9 mM for glibenclamide and iodoglibencla-(Figure 4A). The efflux through theSUR2/Kir6.2 channels
mide, respectively, with a BMAX of 300 pmol/mg of mem-was partially inhibited by 1 mM glibenclamide (Figure
brane protein. The affinity of SUR2 for sulfonylureas is4A),with a half-maximal value of glibenclamide inhibition
about 500 times lower than that of SUR (Aguilar-Bryan40-fold larger than that for the b cell KATP channel (Figure
et al., 1995); the BMAX values are comparable, 300 versus4B). The efflux through the reconstituted channels was
140 pmol/mg, with SUR transfected cells. Similarly, wesignificantly stimulated by 30 mM cromakalim (Figure
have been unable to photolabel SUR2 under the same4C) and 100 mM pinacidil (Figure 4D) in the absence of
conditions that were used for SUR (Aguilar-Bryan et al.,metabolic inhibitors. However, it was not stimulated by
1995) (Figure 5, inset).diazoxide at 300 mM (data not shown), a concentration
10-fold higher than required to half-activate the b cell
DiscussionKATP channel (Inagaki et al., 1995).
Our previous study has shown that SUR, a member ofSulfonylurea Binding to SUR2
the ABC superfamily, and Kir6.2,a member of the inwardAnalysis of iodoglibenclamide binding to membranes
isolated from COSm6 cells transfectedwith SUR2 shows rectifier K1 channel family, reconstitute the KATP channel
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the sensitivities to ATP and various KATP channel block-
ers and openers, are determined by a family of sulfonyl-
urea receptor subunits. In addition, the difference of
burst duration and interburst interval observed in the b
cell KATP channel and the SUR2/Kir6.2 channel indicates
that these burst kinetics of the KATP channels are deter-
mined by the sulfonylurea receptor subunit. Further-
more, in contrast with the previous finding that cotrans-
fection with SUR and Kir6.2 increases the basal 86Rb1
efflux remarkably (Inagaki et al., 1995), the present study
shows that cotransfection with SUR2 and Kir6.2 does
not increase the basal 86Rb1 efflux. This suggests that
the sulfonylurea receptor subunit also regulates the
basal KATP channel activity at the resting state. However,
since thesingle channel conductance, the inward rectifi-Figure 5. Sulfonylurea Binding and Photolabeling of Membranes
from COSm6 Cells Expressing SUR or SUR2 cation, and the average channel open and closed times
Membranes were isolated as described and incubated with 125I-io- within bursts are similar in the b cell KATP channel and
doglibenclamide (Aguilar-Bryan et al., 1990) plus increasing concen- the SUR2/Kir6.2 channel, it is likely that the properties of
trations of unlabeled glibenclamide (open squares) or iodogliben- ionic conductance are determined by the inward rectifier
clamide (closed squares). After 60 min, the bound radioactivity was
subunit Kir6.2.determinedby rapid filtration and washing with ice-cold 5 mM potas-
The functional domains of the sulfonylurea receptorssium phosphate (pH 6.8) as described in Experimental Procedures.
that confer the ATP sensitivity and pharmacologicalThe data are shown as picomole of iodoglibenclamide bound per
milligram of membrane protein. The curves are best fits to a single properties are unknown. Although both SUR and SUR2
site binding model with the EC50 values of 1.2 mM for glibenclamide have two potential NBFs with Walker ªAº and ªBº con-
and 9.9 mM for iodoglibenclamide. Analysis using Ligand (McPher- sensus motifs, the amino acids within and surrounding
son, 1985) gave KD values of 0.63 and 3.9 mM, respectively, for the first NBF differ in the two proteins. A preliminaryglibenclamide and iodoglibenclamide with a BMAX of 300 pmol/mg of
study indicates that a disruption of the Walker A or Bmembrane protein. The inset compares the results of photolabeling
motif of the first NBF in SUR dramatically decreasesCOSm6 cells expressing SUR and SUR2 with 10 nM 125I-iodo-
glibenclamide. Lanes A and C are the SUR controls; lane B shows channel activity and glibenclamide binding to SUR,while
the lack of photolabeling SUR2 under these conditions. a disruption of the Walker A or B motif of the second NBF
does not alter either ATP or glibenclamide sensitivity in
the SUR/Kir6.2 channel (T. G. et al., unpublished data),
suggesting that the first NBF might, at least in part,(the SUR/Kir6.2 channel or the b cell KATP channel) de-
confer the ATP and sulfonylurea sensitivities of KATPscribed in pancreatic b cells (Inagaki et al., 1995). In the
channels.present study, we have identified a novel sulfonylurea
A recent study has shown that transfection of cysticreceptor, SUR2, indicating that there is a family of sulfo-
fibrosis cells with another member of theABC superfam-nylurea receptors. Although the structural features of
ily, cystic fibrosis transmembrane conductance regula-SUR2 are similar to those of SUR, SUR2 binds gliben-
tor (CFTR) (Riordan et al., 1989), normalizes the activityclamide or its analog with lower affinity than does SUR.
of the Na1 channel (Stutts et al., 1995). Some membersSUR2 mRNA is expressed at high levels in heart and
of the ABC superfamily can, therefore, function as regu-skeletal muscle, the tissues in which Kir6.2 mRNA is
lators of ion channels (Higgins, 1995). Studies of theexpressed (Inagaki et al., 1995). Coexpression of SUR2
structural and functional relationships of KATP channelsmRNA and Kir6.2 mRNA in heart and skeletal muscle
by mutagenesis of the sulfonylurea receptors and Kir6.2suggests that SUR2 may couple functionally to Kir6.2
will clarify the precise mechanisms of channel gating byto produce KATP channel currents in these tissues. Elec-
various intracellular signals and drugs. Identification oftrophysiological recordings and 86Rb1 efflux experi-
the cardiac KATP channel will provide a basis for under-ments show that SUR2 and Kir6.2 reconstitute the KATP standing the mechanisms of regulation of cardiac func-
channel (SUR2/Kir6.2 channel) with properties distinct
tion by this channel during cellular metabolic impair-
from those of the b cell KATP channel: the SUR2/Kir6.2 ments such as ischemia and hypoxia.
channel is less sensitive to both ATP and the sulfonyl-
Since SUR2 is the second sulfonylurea receptor iden-
urea glibenclamide, and it is not activated by diazoxide.
tified, we propose the renaming of SUR as SUR1. Ac-
These functional analyses demonstrate that SUR2/ cordingly, we also propose the renaming of the b sub-
Kir6.2 channel has the primary characteristic features units of the KATP channel as KATP-b1 and KATP-b2 for SUR1
of KATP channels found in native cardiac muscle and and SUR2, respectively.
skeletal muscle (Noma, 1983; Spruce et al., 1985; Nich-
ols and Lederer, 1990; Davies et al., 1991; Terzic et al.,
Experimental Procedures1995). Recently, AÈ mmaÈ laÈ et al. (1996) have raised the
possibilty that although SUR couples to several types
Cloning of Rat SUR2 cDNAof Kir channel subunits, it does not necessarily confer
Seven hundred thousand plaques of a rat brain cDNA library (Strata-
the ATP sensitivity of KATP channels. However, taken gene, La Jolla, CA) were screened, using a 32P-labeled hamster
together with our previous finding, the present study full-length SUR cDNA (Aguilar-Bryan et al., 1995) probe under low
stringency hybridization conditions (Fukumoto et al., 1988). Theindicates that the properties of KATP channels, including
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membranes were washed with 23 SSC (150 mM NaCl, 15 mM so- the reaction was terminated by rapid filtration through GF/F glass
fiber filters (Whatman International Limited, Maidstone, United King-dium citrate [pH 7.0]), 0.1% SDS at 428C for 30 min. Both strands
of DNA were sequenced by the dideoxynucleotide chain termina- dom) followed by three 2.5 ml washes of ice-cold 5 mM potassium
phosphate (pH 6.8). The membrane-bound radioactivity remainingtion procedure after subcloning appropriate DNA fragments into
M13mp18, mp19 (Toyobo, Osaka, Japan), or pGEM3Z (Promega, on the filters was determined in a gamma counter. The data were
interpreted using single site binding models plus a nonspecific bind-Madison, WI).
ing component and the nonlinear fitting routines in Ligand (McPher-
son, 1985) or GraphPad (San Diego, CA). Assays were done in tripli-Northern Blot Analysis
cate. Proteins were determinedwith the BCAassay (Pierce ChemicalTotal cellular RNA was isolated by guanidinium isothiocyanate/CsCl
Company, Rockford, IL) using bovine serum albumin as a standard.procedure. Total RNA (20 mg) from the various tissues and cell lines
Photolabeling experiments were carried out as described for iso-except for pituitary and thyroid (10 mg each) were denatured with
lated membranes (Aguilar-Bryan et al., 1990; Nelson et al., 1992) orformaldehyde, subjected to electrophoresis on a 1% agarose gel,
by using live cells. In the live cell technique, cells were grown inand transferred to a nylon membrane. Hybridization was carried out
6-well dishes, washed three times with phosphate-buffered salineunder standard hybridization conditions (Yamada et al., 1992) with
(PBS) to lower the level of serum proteins, and then incubated witha 32P-labeled DNA fragment (nucleotides 2070±3190 relative to the
10 nM 125I-iodoglibenclamide (Aguilar-Bryan et al., 1990) at eithertranslation start site of the SUR2 cDNA). Membranes were washed
228C or 378C in Krebs-Ringer solution supplemented with 10 mMwith 0.13 SSC, 0.1% SDS at 508C for 1 hr before autoradiography.
glucose. After 60 min, the cells were irradiated in a UV cross-linkerFor autoradiography, the nylon membranes were exposed to X-ray
(Model FB-UVXL-1000 Spectronics Corporation, Westbury, NY) atfilm with an intensifying screen at 2808C for 3 days.
a setting of 9 3 105 mJ/cm2. Excess unbound drug was removed
by three 5 ml washes with PBS (10 min each). The cells were thenCell Culture and Transfection
solubilized in 250±500 ml of SDS sample buffer (Laemmli, 1970).COS1 cells were plated at a density of 3 3 105 per dish (35 mm in
Aliquots were separated on 8% polyacrylamide gels, stained withdiameter) for single channel analysis or per well (30 mm 6-well
Coomassie blue, dried, and autoradiographed (Nelson et al., 1992).dish) for 86Rb1 efflux measurements, respectively, and cultured in
Dulbecco's modified Eagle's medium (high glucose) (DMEM-HG)
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